The aim of this paper is to introduce and investigate chaotic and hyperchaotic complex jerk equations. The jerk equations describe various phenomena in engineering and physics, for example, electrical circuits, laser physics, mechanical oscillators, damped harmonic oscillators, and biological systems. Properties of these systems are studied and their Lyapunov exponents are calculated. The dynamics of these systems is rich in wide range of systems parameters. The control of chaotic attractors of the complex jerk equation is investigated. The Lyapunov exponents are calculated to show that the chaotic behavior is converted to regular behavior.
Introduction
Chaos and hyperchaos can occur in systems of autonomous ordinary differential equations (ODE's) with at least three variables and two quadratic nonlinearities [1] [2] [3] [4] . The Poincaré-Bendixson theorem shows that chaos does not exist in a two-dimensional autonomous system. In 1994, Sprott [5] found numerically fourteen chaotic systems with six terms and one quadratic nonlinearities. In 1996, Gottlieb [6] showed that some of these systems could be written as a single third-order ODE. By "jerk function" he means a function j such that the third-order ODE can be written in the form The jerk equations describe various phenomena in engineering and physics, for example, electrical circuits, laser physics, mechanical oscillators, damped harmonic oscillators, and biological systems. In the literature some jerk equations are introduced and studied [7] [8] [9] [10] [11] [12] [13] . Kocić et al. [14] considered and studied two modifications of a 3-dimensional dynamic flow known as jerk dynamical systems of Sprott [13] .
In this paper, we define a complex jerk equation as an autonomous third-order complex differential equation of the form:
 , , , , , , z j z z z z z z        (1) where z is a complex variable, the overdot represent the time derivative and j is the complex jerk function (time derivative of acceleration ) and an overbar denotes complex conjugate variables. In recent years we introduced and studied several complex nonlinear systems which appear in many important applications [15] [16] [17] [18] [19] [20] [21] .
where α, β and η, are positive parameters, ν is a negative parameter, z is complex variable, dots represent derivatives with respect to time and an overbar denotes complex conjugate variables.
We suggest the equation:
which is an example of a hyperchaotic complex jerk equation. The corresponding real form of (3) (i.e. z is a real variable) was introduced in [9] , and has only chaotic behavior.
The organization of rest of the paper is as follows: In Section 2, symmetry, invariance, fixed points of (2) and stability analysis of the trivial fixed point are discussed. Lyapunov exponents are calculated in Section 3, and used to classify the attractors of (2). It is clear that our Equation (2) has chaotic, periodic, quasi-periodic attracttors and solutions that approach fixed points. In Section 4, we study the basic properties of the hyperchaotic complex jerk Equation (3) . Numerically the range of pa-rameters values of the system at which hyperchaotic attractors exist is calculated in Section 5. Section 6 contains the control of chaotic attractors of Equation (2) by adding a complex periodic forcing. The last section contains our concluding remarks.
Dissipation
The divergence of (5) 
 

Equilibria and Their Stability
The fixed points of system (5) can be found by solving the following equations:
Therefor system (4) has trivial fixed point
The projection in the plane of the non trivial fixed points is a circle:
whose center is at the origin and radius is r To study the stability of the Jacobian matrix of Equation (2) at is:
According to the Routh-Hurwitz condition, the real parts of the roots  of (8) 
The stability analysis of E E  can be similarly studied as we did for the trivial fixed point .
E
Lyapunov Exponents and Attractors of Equation (2)
This section is devoted to calculate Lyapunov exponents and used their signs to classify attractors of Equation (2). Based on these exponents, we compute parameters values of our Equation (2) at which chaotic, periodic, and quasi-periodic attractors and attractors that approach fixed point exist.
Lyapunov Exponents
System (5) in vector notation can be written as:
where
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, , , , , ,
 is a set of parameters and denoting transpose. The equations for small deviations 
The Lyapunov exponents l  of the system is defined by:
To find l  , Equations (9) and (10) 1  is positive and dissipative system because their sum is negative. (2) 3. (5) using the initial conditions , , u u u spaces respectively.
Attractors of Equation
1, 2, , 6 l   0 0, t  1 u   0 4  ,   2 0 1, u    0 1   3 0 2 u   ,   4 0 2 u  ,   5 0 1 u   and 6 u  . It
Some Properties of Equation (3)
This section deals with the basic dynamical properties of a hyperchaotic jerk Equation (3). As we did in Section 2, Equation (3) can be written as a system of three, firstorder, ordinary differential equations such as:
where 1 2 3 , z u iu x u iu 4     riables, and are complex va 5 6 (3) , ,
.
If   1  2  3  4  5  6 , , , , , u u u u u u is a solution of (13), then  1 ,
is also a solution.
 
then (13) is dissipative. System (13) has only trivial fixed point
To stud . y the stability of we calculate the Ja matrix of system (13) 
Its characteristic polynomial is:
An elementary study proves that this polynomial has only one real root 
Lyapunov Exponents and Attractors of Hyperchaotic Equation (3)
In this section we calculate the Lyapunov exponents and attractors of Equation (3 In Figure 3(a) we plotted the corresponding Lyapunov exponents λ l , of Equation (3) using the initial condition , , u u u spaces respectively.
Control of Chaotic Attractors of System (4)
This section is devoted to study the control of chaotic attractors of system (4), based on the addition of omplex periodic forcing c  
to its first and second equations, so system (4) becom 
Conclusions
In this paper we proposed both chaotic and hyperchaotic complex jerk equations and investigated th r dynamics. 
